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Claims: 

We claim: 

1 . An apparatus to aerate tank water comprising: 

a) at least one tank having tank water and at least one membrane 
module immersed in the tank water; 

b) an air delivery network having a plurality of distinct branches; 

c) one or more aerators in fluid communication with the distinct 
branches of the air delivery network and mountable below the at least one 
membrane module; 

d) an air supply to provide an initial air flow at an initial flow rate; 

e) one or more valves in a valve set in fluid communication with the 
air supply and having distinct outlets in fluid communication with the distinct 
branches of the air delivery network; and, 

f) a valve set controller to control the valves of the valve set; 
wherein 

a) the valve set controller automatically operates the valves to (i) 
split the initial air flow such that at least one of the distinct branches of air 
delivery network receives air at a higher flow rate and at least one other of the 
distinct branches of the air delivery network receives air at a lower flow rate, 
the lower flow rate being less than one half of the higher flow rate, and (ii) 
switch which branch or branches of the air delivery network receive air at the 
higher flow rate and the lower flow rate in repeated cycles; and, 

b) the valve set controller is operable to switch which branch or 
branches of the air delivery network receive air at the higher flow rate and the 
lower flow rate in repeated cycles of less than about 120 seconds in duration. 

2. The apparatus of claim 1 wherein the aerators are disposed adjacent 
each other and arranged in at least one set, wherein each set includes a 
quantity of adjacent aerators equal to the number of distinct branches of the 
air delivery network, and wherein only one aerator in each set is associated 
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with any one distinct branch of the plurality of branches of the air delivery 
network. 

3. The apparatus of claim 2 having at least two membrane modules. 

4. The apparatus of claim 3 wherein the membrane modules are disposed 
adjacent to each other, each membrane module having rectangular skeins of 
vertically oriented hollow fibre membranes between upper and lower headers, 
the upper and lower headers of each rectangular skein being aligned parallel 
with the upper and lower headers of the adjacent rectangular skeins of 
adjacent membrane modules. 

5. The apparatus of claim 4 wherein each membrane module comprises 
one or two rectangular skeins. 

6. The apparatus of claim 5 wherein the aerators are conduit aerators 
having a length approximately as long as the headers of the rectangular 
skeins and the aerators are disposed parallel to the headers of the 
rectangular skeins. 

7. The apparatus of claim 6 wherein the aerators are provided directly 
below only one membrane module of any two adjacent membrane modules. 

8. The apparatus of claim 7 wherein either side of each aerator has a 
series of holes for providing a column of air bubbles between the membrane 
module below which each aerator is located and the membrane modules on 
either side of the membrane module below which each aerator is located. 

9. The apparatus of claim 1 wherein in a pair of any two adjacent 
aerators, the holes of one aerator of the pair of aerators have a larger 
diameter and the holes of the other aerator of the pair of aerators have a 
smaller diameter. 
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10. The apparatus of claim 8 wherein in a pair of any two adjacent 
aerators, only one aerator of the pair of aerators is covered by a resilient 
sleeve having slits corresponding to the holes in the aerator. 

11. The apparatus of claim 2 wherein there are at least three distinct 
branches of the air delivery network and each of the distinct branches of the 
air delivery network receives air at the higher flow rate for about the same 
period of time within each cycle. 

12. The apparatus of claim 11 wherein there are four distinct branches of 
the air delivery network. 

13. The apparatus of claim 12 comprising 12 adjacent aerators so that 
each set has four aerators. 

14. The apparatus of claim 13 wherein each distinct branch receives air at 
the higher flow rate for about 5 to 10 seconds. 

15. An apparatus to aerate tank water comprising: 

a) at least one tank having tank water and at least one membrane 
module immersed in the tank water; 

b) an air delivery network having a plurality of distinct branches; 

c) one or more aerators in fluid communication with the distinct 
branches of the air delivery network and mountable below the at least one 
membrane module; 

d) an air supply to provide an initial air flow at an initial flow rate; 

e) one or more valves in a valve set in fluid communication with the 
air supply and having distinct outlets in fluid communication with the distinct 
branches of the air delivery network; and, 

f) a valve set controller to control the valves of the valve set; 
wherein 

a) the valve set controller automatically operates the valves to (i) 
split the initial air flow such that at least one of the distinct branches of air 
delivery network receives air at a higher flow rate and at least one other of the 
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distinct branches of the air delivery network receives air at a lower flow rate, 
the lower flow rate being less than one half of the higher flow rate, and (ii) 
switch which branch or branches of the air delivery network receive air at the 
higher flow rate and the lower flow rate in repeated cycles; 

b) the valve set controller is operable to switch which branch or 
branches of the air delivery network receive air at the higher flow rate and the 
lower flow rate in repeated cycles of less than about 120 seconds in duration; 
and 

c) the aerators are conduit aerators having holes along a length of 
conduit, and the aerators provide larger bubbles and smaller bubbles in 
association with each membrane module. 

16. The apparatus of claim 15 wherein one or more of the conduit aerators 
are covered by a resilient sleeve having slits corresponding to holes in the 
aerator. 

17. The apparatus of claim 15 wherein first and second types of aerators 
are provided, the first type of aerator having smaller holes and the second 
type of aerator having larger holes, and wherein at least one of the first type of 
aerators and at least one of the second type of aerators are associated with 
each membrane module. 

1 8. An apparatus to aerate tank water comprising: 

a) at least one tank having tank water and at least one membrane 
module immersed in the tank water; 

b) an air delivery network having at least four distinct branches; 

c) one or more aerators in fluid communication with the distinct 
branches of the air delivery network and mountable below the at least one 
membrane module; 

d) an air supply to provide an initial air flow at an initial flow rate; 

e) one or more valves in a valve set in fluid communication with the 
air supply and having distinct outlets in fluid communication with the distinct 
branches of the air delivery network; and, 
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f) a valve set controller to control the valves of the valve set; 
wherein 

a) the valve set controller automatically operates the valves to (i) 
split the initial air flow such that at least one of the distinct branches of air 
delivery network receives air at a higher flow rate and at least one other of the 
distinct branches of the air delivery network receives air at a lower flow rate, 
the lower flow rate being less than one half of the higher flow rate, and (ii) 
switch which branch or branches of the air delivery network receive air at the 
higher flow rate and the lower flow rate in repeated cycles; 

b) the valve set controller is operable to switch which branch or 
branches of the air delivery network receive air at the higher flow rate and the 
lower flow rate in repeated cycles of less than about 120 seconds in duration; 
and 

c) at least one valve of the valve set is a four-position valve, the 
four positions provided by first and second air cylinders having different stroke 
lengths and each air cylinder having advanced and returned positions. 

19. The apparatus of claim 19 wherein the four position valve has first and 
second overlapping sliding plates disposed transversely across the airflow 
provided by the air supply, the first plate has first plate openings, and the 
second plate has second plate openings, and wherein for each of the four 
positions of the valve, one of the first plate openings is aligned with one of the 
second plate openings and with a unique one of the distinct branches of the 
air delivery network. 

20. The apparatus of claim 20 wherein the openings in the plates each 
have an opening width which is approximately equal to the sum of the width of 
the inlet opening of the branches and the and the spacing between adjacent 
branches of the air delivery network. 

21 . The apparatus of claim 19 wherein at least one valve of the valve set is 
a four position valve wherein the positions are provided by a rotating drum. 
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22. An apparatus to aerate tank water in one or more tanks containing one 
or more immersed membrane modules comprising: 

a) an air delivery network having a plurality of distinct branches; 

b) one or more aerators in fluid communication with the distinct 
branches of the air distribution system and mountable below the membranes; 

c) an air supply to provide an initial air flow at an initial flow rate; 

d) one or more valves in a valve set in fluid communication with the 
air supply and having distinct outlets in fluid communication with the distinct 
branches of the air distribution system; and, 

e) a valve set controller to control the valves of the valve set; 
wherein 

a) the valve set controller automatically operates the valves to (i) 
split the initial air flow such that at least one of the distinct branches of air 
distribution system receives air at a higher flow rate and at least one other of 
the distinct branches of the air distribution network receives air at a lower flow 
rate, the lower flow rate being less than one half of the higher flow rate, and 
(ii) switch which branch or branches of the air delivery network receive air at 
the higher flow rate and the lower flow rate in repeated cycles; 

b) the membrane modules are collected into filtration zones; 

c) the valve set controller is operated to provide aeration at the 
higher flow rate for a pre-selected length of time to the filtration zones 
sequentially in a cycle; and, 

d) there are between 6 and 12 filtration zones. 

23. In an immersed membrane filtration system having membrane modules 
collected in filtration zones and permeation and backwashing means, the 
permeation and backwashing means operable and operated to permeate and 
backwash the filtration zones in sequence, the improvement comprising; 

a) a cyclic aeration system as described in claim 23 operated to 
provide aeration at the higher flow rate for a preselected length of time to the 
filtration zones sequentially in a cycle which is no longer than 12 times the 
preselected length of time; and, 
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b) operating the backwashing means to backwash the membrane 
modules in each filtration zone during a period of aeration of that filtration 
zone. 

24. The apparatus of claim 1 wherein the air delivery network has first 
and second branches and the aerators associated with the first branch are 
interspersed in a horizontal plane with aerators associated with the second 
branch such that adjacent aerators are in fluid communication with different 
distinct branches of the air delivery system. 

25. The apparatus of claim 25 wherein the membrane modules have 
rectangular skeins of vertically oriented hollow fibre membranes between 
upper and lower headers, the aerators are conduit aerators approximately as 
long as the headers of the rectangular skeins and the aerators are mounted 
parallel to the headers of the rectangular skeins. 

26. The apparatus of claim 26 wherein 1 or 2 rectangular skeins are 
associated with each conduit aerator. 

27. The apparatus of claim 27 wherein the air supply is sized to provide a 
higher flow rate corresponding to a superficial velocity in relation to the 
aerators receiving the flow of air of between 0.013 and 0.15 m/s. 

28. The apparatus of claim 1 wherein the lower flow rate is an air off condition. 

29. The apparatus of claim 1 wherein the lower flow rate is about 10% or 
less of the higher flow rate. 

30. The apparatus of claim 1 wherein the lower flow rate is about 5% or 
less of the higher flow rate. 



